Cellular metabolism of water-soluble nitroxides: effect on rate of reduction of cell/nitroxide ratio, oxygen concentrations and permeability of nitroxides.
In order to interpret more accurately studies that have used nitroxides and to improve the efficacy of the use of nitroxides in both basic studies of cells and as contrast agents for in vivo NMR, we have initiated a systematic study of the distribution and metabolism of nitroxides in biological systems. Overall, the results provide a reasonably coherent picture of some aspects of the interactions between nitroxides and cells. Reduction of the nitroxides appears to be an intracellular process, so that one of the principal variables that affects the rate of reduction is the ability of a nitroxide to enter cells. The entrance of nitroxides into cells shows considerable variability and ranges from essentially no penetration (e.g., 2,2,6,6-tetramethylpiperidine-N-oxyl-4-trimethylamine), through rates that are comparable to rates of reduction (e.g., 2,2,5,5-tetramethyl-pyrrolidine-N-oxyl-3-carboxylic acid), to rates that are so fast that there is complete equilibrium between intracellular and extracellular compartments (e.g., Tempone). The presence of a charged group on the nitroxide appears to be the important variable that affects their ability to enter cells. Once a nitroxides enters the cell, the structure of the nitroxide, e.g., piperidine vs. pyrrolidine ring, is major factor that affects the rate of reduction. The rates of reduction increase with increasing concentrations of nitroxides. This indicates that the principal mechanism(s) of reduction do not saturate in the concentration range we studied. We observed no abrupt changes in the rates of reduction over the entire concentration range of cells and nitroxides that we studied, which suggests that the mechanism(s) of nitroxide reduction did not change. The presence of oxygen decreased the observed rate of reduction of many of the nitroxides and this effect was independent of the concentration of nitroxide.